We have proposed the term 'protein chemotaxonomy' for molecular taxonomy based on the primary structures of common plant proteins, instead of so-called secondary metabolites. To evaluate the effectiveness of this concept, we carried out a series of studies on the family Solanaceae, using ferredoxin (Fd), an iron-sulfur electron-transfer protein.
We have proposed the term 'protein chemotaxonomy' for molecular taxonomy based on the primary structures of common plant proteins, instead of so-called secondary metabolites. To evaluate the effectiveness of this concept, we carried out a series of studies on the family Solanaceae, using ferredoxin (Fd), an iron-sulfur electron-transfer protein.
2) This protein was chosen for this study because it is easy to isolate and has an appropriate molecular weight for determining the primary structure. Previously, we reported the primary structures of Fds from 14 solanaceous plants and one leguminous plant. 1, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Our recent results have suggested that their amino acid sequences were related to their taxonomic position among plants that belong to the same genus or family, but not among plants in different families, although there may not be enough sequence data to reach any definite conclusions. It may be worthwhile to determine the amino acid sequences of Fds from many important medicinal plants that belong to diferent families. These considerations led us to elucidate the amino acid sequences of Fds from Panax ginseng (Araliaceae), the root of which is one of the most commonly used traditional medicines in China, Korea, and other Asian countries for the treatment of various diseases.
In this report, we determined the primary structure of Fd from P. ginseng (Araliaceae), and compared it with those of Fds from other higher plants.
MATERIALS AND METHODS

Materials
Fresh leaves of Panax ginseng were kindly gifted by the Yatsuka Blanch of JA Kunibiki (Shimane Prefecture).
Isolation of Ferredoxin The protein (4.2 mg) was purified from the fresh leaves (0.9 kg) of P. ginseng as described previously.
3,7)
Sequence Determination The amino acid sequence of the Fd was determined using a gas-phase protein sequencer with automated Edman degradation of S-carboxymethylcysteinyl (Cm) Fd and the peptides obtained by lysyl endopeptidase, trypsin, or endoproteinase Asp-N digestion. The peptides were purified by reversed-phase HPLC using a m-Bondasphere C 18 -100 Å column (0.39ϫ15 cm, Waters) using the solvent system TFA-MeCN-H 2 O (Aϭ0.1% TFA, BϭMeCN containing 0.1% TFA) with a gradient program 0-40% B in 50 min, flow rate 1 ml min Ϫ1 . C-Terminal analysis was carried out with carboxypeptidase Y.
The detailed procedure and the other methods have been described previously.
Construction of a Phylogenetic Tree A phylogenetic tree was constructed from the amino acid sequences (98 residues) of higher-plant Fds (34 species) using the unweighed pair-group method with the arithmetical averages (UPGMA) method of Nei (GENETYX software, Software Development, Japan). 13) 
RESULTS AND DISCUSSION
Properties
The absorption maxima in the UV-Vis spectrum of P. ginseng (Pg)-Fd were at 275, 285 (sh), 330, 420, and 465 nm, and showed A max /A 275 nm ratios of 0.67, 0.47, and 0.41, respectively. This spectrum was characteristic of [2Fe-2S] Fds from other higher plants. 14) The molar absorption coefficient at 420 nm, based on the spectrum and protein determination, was 11000 M Ϫ1 cm Ϫ1 , which was similar to those of other higher-plant Fds. 2, 14) The biological activities and other physico-chemical properties of Pg-Fd will be published elsewhere.
Sequence Determination The sequencing strategy is summarized in Fig. 1 These results led to the complete amino acid sequences for Pg-Fd shown in Fig. 1. In Fig. 2 , the amino acid sequence is compared with those of higher-plant Fds. 1, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [16] [17] [18] Compared with other Fds, a noticeable feature of this sequence is both an insertion of Tyr at the 3rd position from the amino terminus and a deletion of two amino acid residues at the carboxyl terminus. Compared with other higher-plant Fds, differences were observed at Leu-8 as with Leucaena glauca (Lg) (Leguminosae)-and Gleichenia japonica (Gj) (Filicales)-Fds, at Lys-14 as with Gj-Fd, at Tyr-73 as with Petroselinum sativum (Umbelliferae)-Fd, and at Ala-81 as with Medicago sativa (Leguminosae)-Fd. The residues Ile-31, Lys-55, Gln-65, and Val-95 were only observed in the primary structure of this Pg-Fd among these higher-plant Fds. These residues are characteristic of Pg-Fd. In Fds, the sequence 35-50, including the sequence -C39-C44-C47-which participates in chelation to iron atoms, the sequence 74-77, which contains the last cysteine ligand (-C77-) for the iron atom, and the region 83-93 are almost perfectly conserved. This was also true in the case of Pg-Fd.
Taxonomic Considerations Although some 700 species are known to be members of the Araliaceae, the arrangement of the species into genera and other useful groups is still not clear. The genus Panax, which contains about 6 species, is represented by P. ginseng. 19) Many primary structures have been reported for chloroplast [2Fe-2S] Fds. 1, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [16] [17] [18] The number of amino acid differences are 14-40 for different families and 0 to 4 for the same genus, except for the genus Solanam. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] 16) In our recent study, 2 to 19 amino acid differences were observed among different genera of Solanaceae; Datura, Physalis, Nicotiana, Capsicum, Scopolia, and Lycium. Table 1 shows amino acid differences in Pg-Fd compared to other higherplant Fds that have been determined so far. This Pg-Fd exhibited 18 differences in its amino acid sequence compared to that of P. sativum (Umbelliferae). In contrast, 23-33 differences were observed compared to other dicotyledonous plants. This suggests that P. ginseng is related taxonomically to umbelliferous plants, except for araliaceous plants. Note that only 18-21 differences were observed between Pg-Fd and three plants, Triticum aestivum, Hordeum vulgare, and Oryza sativa of Gramineae (monocotyledon). As described by Matsubara et al. , it may be difficult to deduce the relation at the family or order level based only on their Fds. 16) Nevertheless, it is interesting that Pg-Fd showed the highest similarity with Ps-Fd (Umbelliferae) among those of other dicotyledonous plants. In practice, Araliaceae is thought to be closely related to Umbelliferae. 19, 20) Figure 3 shows the phylogenetic tree based on the Fd se- 2), and D (8, 9) represent peptides obtained from lysyl endopeptidase, trypsin, and endoproteinase Asp-N digestion, respectively. The Tyr at the 3rd position from the N-terminus is indicated by white on black because the residue was inserted there. The amino acid residues of the ferredoxin were numbered from 1 to 95, except for the inserted Tyr.
quences of higher plants. 13) Fifteen solanaceous plants form a cluster that is distinctly separated from other angiospermous plants, ferns, and horsetails by appreciable long branch lengths, which increase in that order. In the solanaceous cluster, five genera, Atropa, Hyoscyamus, Scopolia, Lycium, and Datura, are separated from each other by short branch lengths, which suggests a close taxonomic relationship among them. On the other hand, P. ginseng forms a small The phylogenetic tree was constructed using the UPGMA method of Nei 13) (GENE-TYX software). Genetic distances are represented by the proportion of amino acid differences between each taxon (1.0ϭ100%). cluster together with P. sativum, which belongs in the same order Umbellales, even with a considerably long branch length. This cluster forms a greater cluster with Brassica napus, Spinacia oleracea, and L. glauca, which belong to the same subclass Archichlamydeae. This suggests a reasonable correlation between the Fd structures and the taxonomic position of plant taxa. However, a conflicting result was also obtained. The greater cluster also contains tree gramineous plants that belong to the class Monocotyledoneae. This can be partially accounted for by the rapid evolution of Fds. The number of mutations seems to have been saturated in a relatively short period for a small protein, and differences in the numbers of amino acids in Fds of remotely related plants do not reflect real phylogenic distances. 16) In conclusion, Pg-Fd possesses a unique amino acid sequence distinct from others based on the insertion of Tyr at the 3rd position from the N-terminus and the deletion of two amino acid residues at the C-terminus. Comparison of the amino acid sequence of Pg-Fd with those of other higher plants indicated that P. ginseng (Araliaceae) and P. sativum (Umbelliferae) are relatively related. For further discussion we would need additional information regarding the number of amino acid sequences of Fds from these two families.
